This study was conducted to investigate the effects of Cr 3+ on wound healing in mice. A total of 96 male C57BL6/J mice were randomly assigned to four groups (n=24/group). These mice were divided 4 groups and treated by normal saline, chromium chloride (CrCl3), dexamethasone (Dex) as well as combination of CrCl3 and Dex, respectively. Six mice of each group were sacrificed on day 7, 14, and 21 after skin incision. Skin wound area were measured and collected for histology evaluation, tissue of organs was collected for Cr 3+ concentration determination as well as blood collected for serum IGF-I concentrations determination. Delayed healing was found in Dex group, and an accelerated healing was observed in both Cr groups. In histology, the delayed inflammation process, reepithelization, granulation tissue formation as well as collagen deposition were observed in Dex groups. However, reversed detrimental effects of Dex were observed in Cr groups. The concentrations of IGF-1 in Dex groups revealed significant decrement compared to other groups, but Cr 3+ reversed this effect. Therefore, Cr 3+ accelerated wound healing in surgical wound model of mice through the regulation of hormone concentrations such as IGF-1, meanwhile, the effects could be more prominent when animal is under stress or treated by exogenous glucocorticoids. 
INTRODUCTION
Wound healing is a complex but dynamic, wellorchestrated biological event. The process is composed of three phases: inflammation, proliferation, and tissue remodeling. The inflammatory phase is initiated immediately upon injury and lasts up to 4-6 days after wounding. During this phase, neutrophils and macrophages appear in the wounded area to fight bacteria and remove debris. The proliferative phase lasts from about day 4 to day 14 after wounding and is characterized by the formation of granulation tissue. In this phase, fibroblasts produce collagen matrix while new blood vessels invade the forming granulation tissue, and epidermal cells migrate across the wound surface to close the breach. The remodeling phase starts at around day 8 and may last up to months or even longer. There is continuous synthesis and breakdown of collagen as the extracellular matrix is constantly remodeled to effect connective tissue compaction and wound contraction (Broughton et al., 2006) . Glucocorticoids are effective anti-inflammatory , immunosuppressive (Amann et al., 2017) and anti-proliferation (Lee et al., 2016) agents. Meanwhile, glucocorticoids are powerful agents to inhibit skin wound healing (de Almeida et al., 2015; Jozic et al., 2017; Slominski et al., 2017) by suppression inflammation that is required for wound healing process (Kato et al., 2017; Yan et al., 2017) . Therefore, the wound healing may be improved when the effect of glucocorticoids is blockade (de Almeida et al., 2015) . In fact, we have documented Cr3+ has an inhibitory effect on the corticosterone secretion by adrenal gland in ACTH-stimulated rats (King et al., 2016) . In addition, Insulin-like growth factor-I (IGF-I) can be helpful on wound healing (Cieszkowski et al., 2017) which associated with proliferation, differentiation as well as wound healing process (Reckenbeil et al., 2017) . Likewise, IGF-1 can be suppressed by glucocorticoids (Wolthers et al., 2017) . Chromium (Cr) is an essential trace element and nutrient for humans and animals, it functions as a cofactor for insulin when in the trivalent oxidation state (Cr   3+   ) . Therefore, Cr 3+ enhances the functions of insulin in cell metabolism and enhances the ability of insulin to regulate glucose, protein, and fat metabolism (Vincent, 2004) . Hence, Cr 3+ has long been studied as a useful blood glucose control (Chen et al., 2014) , attenuation of corticosterone action (Hrynyk and Neufeld, 2014) and regulates body composition as food supplement in livestock (Evock-Clover et al., 1993) . Meanwhile, Cr 3+ has been documented that it could increase protein deposition by stimulating protein anabolism and lowering protein degradation (Peng et al., 2010) . However, Cr 3+ is reduced by the treatment of prednisolone has been reported (Chen et al., 2013) . Therefore, the aim of this study is to investigate the effects of chromium chloride (CrCl3) on skin wound repair in mice following surgical incision and using dexamethasone-treated mice as contrast. We hypothesized that dietary dose of Cr 3+ can improve the skin wound healing and restore the dexamethasone-induced attenuated effect of IGF-I that can improve skin wound healing.
MATERIALS AND METHODS
Animals and study design: C57BL6/J (n=96) mice were got from National Laboratory Animal Center, Taipei, Taiwan. Eight-weeks-old male C57BL/6J mice (n=96) weighing 20-27 g were randomly divided into four groups of six animals. 24 mice were fed normal saline 0.3 ml as control group (C), 24 mice was fed CrCl3 (80 μg/kg BW/day, Maxluck Biotechnology, Taipei, Taiwan) in 0.3 ml solution as chromium group (Cr), 24 mice were fed dexamethasone (0.1 mg/kg BW/day, China Chemical & Pharmaceutical Co., Ltd., Taipei, ROC ) in 0.3 ml solution as dexamethasone group (Dex), 24 mice were fed CrCl3 (80 μg/kg BW/day) and dexamethasone (0.1 mg/kg BW/day) in 0.3 ml solution as mixed group (Mix). These mice were group housed in 29.0×18.5×12.0 cm polycarbonate cages under constant temperature (23±2°C) and a 12/12 h light/dark cycle (dark phase: 20:00-08:00 h). Food and water were available ad libitum. This study was fully compliant with Institutional Animal Care and Use Committee (IACUC) on the care and use of laboratory animals and codes of practice.
Wound model and wounding procedure: A 3 cm long incision was made on the middle line of back of these mice which was anesthetized by Zoletil® (50 mg/kg, intraperitoneal injection). The wound area was then exposed and the animals were housed separately. The degree of wound healing was checked at Day 7, 14 and 21 after incision wound made.
Blood and tissue sample collection: Six animals of each group were sacrificed at Day 7, 14 and 21 after incision performance. Wound strips consisting of the wounded area plus 5 mm of the surrounding unwounded and/or healed skin area were collected. The blood samples were collected directly from heart. All blood samples were clot for 2 hours at 4°C refrigerator before centrifuging for 20 minutes at 2000 x g. The serum was collected and stored at -70°C refrigerator. Liver, fat, and gastrocnemius muscle tissue were taken from each carcass and stored at-70°C refrigerator for chromium determination.
Measurement of wound area:
The wound area was measured by ruler for determination of length and width at Day 7, 14, and 21 after incision wound made, respectively. The area of the wound was calculated as the shape of the diamond (1/2 × length × width). Wound closure at each time point was expressed as percentage.
Semi-quantitative analysis by histological sections:
The skin samples were preserved in 10% buffered formalin. Paraffin sections, 5 μm thick, were stained by hematoxylin and eosin (H&E). Semi-quantitative scales were evaluated by the structures of reepithelization, PMNL (polymorphonuclear leucocytes), fibroblasts, new vessels, and new collagen (Gal et al., 2008) .
Determination of tissue chromium concentrations:
Liver, fat, and muscle were collected and digested by adding 65% nitric acid and heated at 65°C for 1 h. After digestion, the concentration of chromium of each sample was analyzed by graphite furnace atomic absorption spectrophotometry (Hitachi Z-2000 series polarized Zeeman atomic absorption spectrophotometer, JPN).
Determination of serum IGF-1 concentrations: All mouse serum samples were collected. Serum was processed for ELISA of IGF-1 on 96 well plate (R&D Systems, Minneapolis, MN, USA) according to the manufacturer's protocol. Serum IGF-1 levels were reported in ng/ml. Mouse serum samples were diluted 500-fold into Calibrator diluents RDS-38 before analysis.
Statistical analysis:
The data was indicated by mean ± standard error mean (S.E.M.). Wound area measurement, tissue Cr concentrations, Serum IGF-1 levels were analyzed by Student t-test. P<0.05 was considered significantly difference. The data obtained from the semiquantitative evaluation were compared using the nonparametric Kruskal-Wallis test. Significant difference was accepted when P was less than 0.05.
RESULTS
The wound closure observed at Day 7, 14 and 21, respectively was shown in Fig. 1 . At Day 7, the average healed wound area were 73.9, 77.9, 63.7, and 71.5 % compared to the original wound size in control, Cr, Dex and Mix groups, respectively. The results indicated that the wound healing in Dex group significantly delayed compared to control group and Cr group. At Day 14, the average healed wound area were 97.8, 99.1, 94.2, and 98.1 % compared to original wound size in control, Cr, Dex and Mix groups, respectively. A significant delay of healing of Dex group still existed in comparison to Cr group. At Day 21, the average wound healed areas were 100% in each group (Fig. 2) . The keratinization of the epithelium was observed between the scab and epidermis. The dermis near excision was rich on inflammatory cells (PMNL), and the granulation tissue formed beneath the epidermis was observed at Day 7, 14 and 21, respectively (Fig. 3) . Meanwhile, collagen fibers stained by Masson Trichrome was observed at Day 7, 14, and 21, respectively (Fig. 4) . At Day 21, the wound healing was undergoing remodeling phase. The thickness of epidermis was similar to intact epidermis. The organization of collagen into newly formed fibrils was observed. Furthermore, inflammatory phase, wound reepithelization, angiogenesis, fibroblast proliferation and collagen deposition were observed for semi-quantitative assessment Day 7, 14 and 21 after wound incision made, respectively (Fig. 5) . Chromium concentrations of muscle, liver and fat in different groups were shown in Fig. 6 . The Cr 3+ concentrations of tissue in Dex groups showed decrement at Day 7 and Day 14 compared to control group. In Mix group, the mean Cr 3+ concentrations were higher than that in Dex groups but lower than that in Cr group at each time points. The mean concentrations of IGF-1 at Day 7 after incision in control, Cr, Dex, and Mix groups were 351.8±46.7, 311.6±31.0, 250.3±52.2and 258.1±35.0 ng/ml, respectively. The systemic levels of IGF-1 in both of Dex and Mix groups were significantly lower than that in control and Cr groups. At Day 14, the mean levels of IGF-1 in control, Cr, Dex and Mix groups were 315.9±60.3, 308.5±71.7, 221.6±40.0 and 322.0±34.6 ng/ml, respectively. The mean concentrations of IGF-1 in Dex group were significantly (P<0.05) lower than that in control and Cr groups. At Day 21 after incision, mean concentrations of IGF-1 in control, Cr, Dex and Mix groups were 369.7±68.1, 315.9±77.4, 320.0±50.1 and 346.0±52.0 ng/ml, respectively (Fig. 7) .
DISCUSSION
Based on the results of this study, it indicated that the effect of DEXs delay the wound healing but Cr 3+ can improve the wound healing in the Mix group. Actually, glucocorticoids have been consider as a powerful agents to inhibit skin wound healing (de Almeida et al., 2015; Jozic et al., 2017) by suppression inflammation that is required for wound healing process (Kato et al., 2017) . Meanwhile, glucocorticoids decreased the concentration of Cr 3+ in the insulin sensitive tissue (Chen et al., 2013) . In addition, increased Cr 3+ levels in bone but decreased them in the fat and liver after glucagon challenge and contrast finding after insulin challenge (Lin et al., 2013) . Thus, the inhibition of glucocorticoids secretion by Cr 3+ (King et al., 2016) and higher levels of Cr 3+ found in fat and muscle after insulin treatment that may be benefited on the wound healing. In fact, insulin may play a role to improve wound recovery (Hrynyk and Neufeld, 2014) which may be associated with the effect of IGF-1 (Zhou et al., 2018) .
The IGF-1 levels are significantly decreased in dexamethason -treated mice at Day 7. This result was in accordance with the report that dexamethason decreased serum and liver IGF-1 and maintained liver IGF-1 mRNA in parenterally fed rats (Wolthers et al., 2017) . IGF-1 has been considered as a major regulator of growth and development as well as wound healing and has direct actions on fibroblasts, endothelial and epithelial cells (Wicke et al., 2000) . This result also suggested when under conditions of adequate nutrition, dexamethason down-regulates the hepatic IGF-I endocrine axis and is partly responsible for whole body catabolism against the anabolism function in insulin. However, in Mix groups, the serum IGF-1 levels showed a trend to increase. This result indicated that Cr 3+ may have blockade the suppressive effect of glucocorticoids on IGF-1 (de Almeida et al., 2015) . At Day 14, the reverse effect of Cr 3+ in Dex-induced low serum IGF-1 levels was more prominent, in which serum IGF-1 level was significantly higher in Mix group than Dex group. This evidence is in line with the result we obtained at Day 7 and suggested that the Cr may increase the serum IGF-1 by enhancing insulin activity to increase the mRNA levels of IGF-1 and IGF-1 receptor (Peng et al., 2010) . The significant rise of the IGF-1 levels in Mix groups also indicated that regular ingestion of Cr 3+ in diet may have anabolism effects against exogenous DEXs or stress-induced endogenous DEXs in hormone regulation which can be beneficial in clinical uses (King et al., 2016) .
Since the wound healing was associated with Cr 3+ and the levels of IGF-1 discussed as above. In this study, the result indicated that an inhibition of inflammatory process due to prolonged presence of leucocytes during the 7 evaluated day in Dex group. The delayed inflammatory process led to less recruitment of various inflammatory cells and gene expression of many key wound healing cytokines and growth factors in the early phase of wounding period (Guo and DiPietro, 2010) . Normally, the mitotic activity of basal cells produces thickened epidermis at the cut edges of wound. However, Dex group presented relatively thickened epidermis compared to control group, this may be resulted in an impaired process of reepithelization. The proliferation and migration of fibroblasts were decelerated as well. These results can be explained by glucocorticoids inhibited keratinocyte growth factor production in dermal fibroblasts (Chedid et al., 1996) . A negative impact on the formation of the granulation tissue observed in Dex group may be due to decreased process of neo-angiogenesis. This is in agreement with study in which daily local injection of dexamethason inhibited a basal spongeinduced angiogenesis (Hori et al., 1996) . The inflammatory cells in Mix groups at Day 7 showed less infiltration of netrophils and mostly dominated by the macrophage compared to Dex group. It is understood that the extensive proliferation of fibroblasts is the first manifestation of the early matrix, observed subsequent to attenuation of the initial inflammatory response and is closely linked to early granulation tissue formation (Braiman-Wiksman et al., 2007) . Thus, the fibroblasts are more intense calculated in Mix than Dex group at Day 7 that suggested Cr 3+ may attenuate the inhibiting effects of DEXs on inflammatory process and enhanced the proliferation and migration of fibroblasts. The mature granulation tissue at late stages of the wound healing process is associated with deposition of collagen fibers. The more deposition of collagen fibers stained by Masson Trichrome in Mix group compared to Dex group at Day 14 also supported the theory that Cr 3+ may restore the DEX-induced IGF-I attenuation and promote skin wound healing process in this study. (Reckenbeil et al., 2017) .
Conclusions:
The results of his study may not present the direct evidence between Cr 3+ with IGF-1. However, in this study we presented that Cr 3+ may play a role to restore DEX-induced attenuation effect of IGF-1 and promote the skin wound healing process.
